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Genetic diversity analysis of tobacco brown spot pathogens in China by ISSR

Li Liuying' Dou Yanxia' Ma Guanhua” Chen Ya' Lin Fanli' Wang Qiuyue’

(1. College of Plant Protection, Southwest University, Chongging 400716, China; 2. Institute of Characteristic Crops
Research, Chongqing Academy of Agricultural Sciences, Chongqing 402160, China)

Abstract: In order to understand the geographical differences and genetic structure of Alternaria alter-
nata and A. longipes, the two main pathogens of tobacco brown spot in China, genetic diversity analysis
of 135 strains of tobacco brown spot pathogens isolated from nine provinces or cities were conducted
by using ISSR. The results showed that the stability of ISSR-PCR system established by orthogonal op-
timization test was high; 17 ISSR primers were screened out with high polymorphism and stable ampli-
fication; a total of 192 bands were detected, and 177 of them were polymorphic, with the polymorphic
rate up to 92.19%. UPGMA cluster analysis showed that the genetic similarity coefficients of A. alterna-
ta were between 0.67 and 1.00, while those of 4. longipes were between 0.66 and 1.00. When the genet-
ic similarity coefficient was selected as 0.83, 4. alternata and A. longipes strains tested in this study
were divided into five and six subgroups, respectively. Among them, the different geographic popula-
tions of 4. alternata showed geographical correlation, but 4. longipes populations were grouped ran-
domly. PopGene analysis results revealed that the genetic diversity and genetic differentiation of 4. al-
ternata and A. longipes groups in China were abundant, and the coefficients of population genetic differ-

entiation were 0.36 and 0.37, respectively. The numbers of migrants per generation were 0.89 and 0.85,
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respectively, indicating frequent gene flow between 4. alternata and A. longipes in different geographic

regions. The population genetic structure of the two types of pathogens was similar. In conclusion, there

was abundant genetic diversity in A. alternata and A. longipes in China, and their evolutionary direc-

tions were similar. ISSR markers could be used to reveal the genetic relationship and genetic diversity

of the pathogens of tobacco brown spot.

Key words: tobacco brown spot; inter-simple sequence repeats (ISSR); genetic diversity
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ternaria alternata (Fries) Keissler £ 40 5% 4% 7 15
A. longipes (Ell. & Ev.) Mason £/l #k i2E 15 &
A% & (Luo et al.,2009; Mo et al.,2012) . %k
T 1892 4£ 75 3 [E 9 15 Y it i (Lamondia, 2001) ,
1916 4EFEFR AL 5T E WO B, 1963 4R TF AR TE T
A N ALIARAS B AR R AE DXIREA T, 2004—2008 41 H] 4
e BN A AR R AR 2R 18 0.3242~1.23 420t it
S T e D R A R 9 o i (R B Bl 45, 2009)
R4 M B A B 1 T ) g 4F R0 TR AR 24 10 7 h?,
KA H e R B AR TR R I
T (5T LA ,2011) o TR UG e i
TR e R T b 4l E B A, K I R A
It B R, R A (LRI

A 24550 By 16— B R 2R AL 1) 3 s )
B (HAR AR (20 R B B 2 A 2 5% B
S H 25, I H, 3R E AR R A TR AL
B B T HEAS 0L IR S AN EERS TR A, 3 K PR R
HEMS A A. nicotianae AL EEAS U A. tenuissima FITE
FLBERS I A, yaliinficiens WA B0 . T f#HR IR 7Y
WY o f5 B AT B Tl A 3 EBia st H
I, X R i L 114 R 2 (RE AR A%E , 20155 Bk
FIWBA,2016) (KL 4145387 (Hou et al., 2016) A4
FAk#Biif (Ning et al., 2014; B K55, 2016) 554
BRI , TR B B T 1 A 5 15 24
PEI AR T = s (B P 2355, 2011) FT p 44 (FH

T, 2013) B JE AN EE o PRI, 4 TR0 AT 00 R
FR RS L Z R B EENA

H |17, 17 585 41 55 & [X 8] (inter-simple sequence
repeats, ISSR) Y 1 Z N E 73 FAmic B AR UL FRAE ]
HRUE R 2 AN R MR DS A (Reddy
et al.,2002), &) W T SRR 8L 2 AR PR
%% (Kandan et al., 2015; X 4545 ,2015) AEW) i 1% &
i F4) 2 (Santos et al., 2017) | 3% %% 5% & 43 #r (Khor-
shidi et al., 2017) 13 T Hric 4 ) & Fh (Alam et al.,
2015;Mavuso et al.,2016) % J5fi . #H1 4% (2011)
FIALHE T (2013) % 4 ISSR #1 RAPD ARic £ AR 4
FIWEFE T 2 a8 BT w8 MR ol e TR st % 2k

P, #4R B ISSR Ric H AR A I A5 L B st 1L 224
YRR 5. BHIE, ARBFSER FH ISSRARICH R,
GFF K53 BT R 9 A~ 48 T K 205 2 TR A A
WL 2R, T AR R R R R L e, B R
[ B AR () P38 15 DG 2R, DABI A IS 320 5 A T
TR AT ASTRIRRRE B0 1 AR LSRR
1 MR 57F*
1.1 #F#

BER B RE : 2014—2016 4E N TR [ E P 1)1\ =
B TP BN TRS TR A AR 9N T
A 7 X SR S BURD () R R R S R 300 03, 2841
21 B R 20 5 AT R ML 225 B0k
PEDZE FIITS JF 40 5307 , 4745 70 BREEAS T 1 65 Pk
RAWBEASALTR o 535 A0 AR B R 25 P P P 5 ke
JEAATH RS B FREEEAR S AU, i 7R R
58 2 ARG W4 GZ8” R M5 M 4 R
LB 8 UXFEfh 0 B I TR A% , “HeNS” W &7~ M
R R AR SRR Lo B R

K7 3k SO« S B A S B g (potato dex-
trose agar, PDA ) 7773k . THAA 2200 g #2545 20 g
BERY 17 g Z818/K 1 L, dNTP Mixture , Tag DNA %
4 T . 10xPCR Buffer(Mg*" Free) .MgCl, }2 6xLoad-
ing Buffer, H 4 TaKaRa /8w ; ISSR 514 . 1 xTAE
DNA Marker F1 DNA P2 12050 & , 4 T4 T
T ) B A BR A ) 5 AR iR 4k [ 7 o B 4t

1028 . A&B 2720 % PCRAY , 25 [F 1 A= W) R 55
/] 3 ScanDrop A% FR % B I 524X, A EBAC R FR A
R 2\ 7] ; Dolphin-Doc Weal Tec #E 1 B8 R 4t
DY Y-6C R KA , b TRpAE 25 SC ik & A FRA A
1.2 Ak
1.2.1 ¥k 2% H 09 DNA 325

B BER AR AE PDA AR _E 25°CH5 5% 7 d e 1
WU B 22 TR AR RIS Bk . 2 BRI
A 5 FH 2L 1 3 PR 2 DNA Bt fih 3238 70 6 4 RO 1
DNA, 2 1% By BEWEEE IS HL ViR U, I FAZ R v
SE UK DNA MR B2 FN T i, 48— B 31 30 ng/uL J&
F-20°CHAFRF
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1.2.2  ISSR-PCR B4k % 9 0B L ARAL

BT WA 56 0k B 51 9 UBC873 M 1E AT B 5
Y, R HIL16(4) IEAS IR S Bt B, 76 25 uL S %
PR Z A, X R EE K ) Mg (dANTP ., Tag g 1514
4R, S IR E 4 DR EEZKE 3 16 S b BEA 7
Ak (£ 1), KA S48 2 24 1 xPCR Buffer, 30 ng

DAN Bt . Horr, Mg ¥k B2 73 0 % 4 1.00.1.50,
2.00.2.50 mmol/L, dNTP ¥ & 43 5% 4 0.10,0.15 ,
0.20.0.25 mmol/L, Taq B £ 5351 1% 4 0.50.,0.75
1.00.1.25 U/uL, 514k B 43 511152 24 0.20,0.30,0.40
0.50 pmol/L. FAN RN AR RS HIL 2 IR . ik
IR VAR R

%1 PCRRMMEERKFE Li(4) EZRIZIT
Table 1 Lis(4*) orthogonal design of the factors and levels for PCR reaction system

AEFRSRS Mg HE (mmol/L) dANTP Y& (mmol/L) Taq g & (U/pL) 519 (umol/L)
No. Concentration of Mg* Concentration of ANTP  Concentration of Tag polymerase Concentration of primer
1 1.00 0.10 0.50 0.20
2 1.00 0.15 0.75 0.30
3 1.00 0.20 1.00 0.40
4 1.00 0.25 1.25 0.50
5 1.50 0.10 0.50 0.20
6 1.50 0.15 0.75 0.30
7 1.50 0.20 1.00 0.40
8 1.50 0.25 1.25 0.50
9 2.00 0.10 0.50 0.20
10 2.00 0.15 0.75 0.30
11 2.00 0.20 1.00 0.40
12 2.00 0.25 1.25 0.50
13 2.50 0.10 0.50 0.20
14 2.50 0.15 0.75 0.30
15 2.50 0.20 1.00 0.40
16 2.50 0.25 1.25 0.50

1.2.3  BHX A AKISSR 51 4 0% S B I 38845 4o it AT

&R REFAE LA R 22 341 1 100 45 ISSR 5|
Yy 1 40 250005 |9, Db - B 4 14 45 T
W ELRS e M 15 1), IR AT B DAL LA SRS i
IR IR B o R BB AR ZR A 8 A 5 | 4 1 4t
AR R BRI ST B i 2 T gt A, [\
— G| G REAR TG M SR O 1R A
X3 B ) ST IR M “ 177 ANAFAE BN 75 T 1) 2%
{EA“07  FENT R O0~1 — U MR . (R A5 R
SRR B, IFORAEN Excel SCIFA%
124 BHXEARBRIE SRS

R 53 BT AS [ b PR 50 R 20 R T ) st A% 24
P, B B # PR % CQ.SC YN \HuB .GX .GZ .HeN
HuN F1JL 3 9 >l #URR R (s B ) #5417 ISSR ARic 40
Mo BERSALER 70 bk, LA R PR T O K DU 148 10 BE
A 104K G50 108k 7 PH: % AR X 8 Bk (Bt
A 7RE TR TR IR 4 BRFTTE MR SRR K
WHBEAR FL TR 65 Bk, FLrh B PR 6 K L DUI A SBE . &
A8 S BRI SBE TTRHE AR X 7 RE S
S KR ARG 8 Kk IR L1 AR A AR 106k i
NTsys 2.10e Z1: 3T 0~1 708 M8 A, R R

JINAL 20 F- 3 7 (unweighted pair-group method with
arithmetic means, UPGMA ) #4) % 18 5 7 B2 905 a1 174 %)
AR, oA TG 2R T o
1.2.5  BHXARBREAE T 5 e AT

K H PopGene 1.32 3R AT RN 23 A (AR B R
B R 35 A5 A8 S ok o b sy 2 PR 4
AR B S B4 22 5P 451 8 (number of poly-
morphic loci, NP) . 2 &4 5 A 41 % (percentage of
polymorphic loci, PPB) | %537 J& X WL %4 (observed
number of alleles, Na) A1 %5 55 o7 3t K 4T (effective
number of alleles, Ne) ; 2 )i & K Z A1 19 S 542 4
Nei s 5K ZREMEFE B (gene diversity , H) R AR -,
A= B 35 %0 (Shannon-Weiner index, ) 3 2 W 3% R i
58 B 1) S 50K [ B B ACAE 2 21 (number of migrants
per generation, Nm ) ; W FE A R 2 FEPE Y 2 506
5 3 K 43 4k 22 % (coefficient of genetic differentia-
tion among population within species, Gsr) . SLAE{A L
ZFEE (Hr) AR N B DR 225 (Hs) TR AR ] 25
ZHNE(Dsr) o THHRAXCN : H=Hs+Dsr, Gsi=Dsr/
Hro 350, 3T Nei s 5t £ B 244 2 o5 B T 9
JERTE
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2 BEREHM

2.1 HEREFREEEZHDNARRE
JH DNA $2 B @8 0 7 s A 9 M iy
135 B 0 5 5 B2 905 B 5k PR 41 DNA, H Ao /Ao TELTE
1.8~2.0 Z 1], 4l BE Aty , v LAiEA T ISSRFRIE 43T
2.2 MREFRERE ISSR-PCR I EBE R B 4L
Mg* (dNTP . Taq B 15 |9 4 Fp 2R AE 4 7K
16 BN RIR FE LA R R Y G ROR S B A

KES(E 1D, Hi, 447.8.9.14 15F1 16 £fig
PG Sl s 5 3 6 3G b i S HAL 6 1Y
ZOARES 1A 1.2.4.5.10 11 12 F1 13 ¥REY 4
ZAMFEENAN  AELE WU, 46 2 e iR
Ufo BRI, B A 2 S MR R A9 TR 1Y ISSR-PCR
AR VAR Z B 25 ul 2 0 AR & b Mg Hk
1.00 mmol/L ,dNTP ¥ &£ >4 0.15 mmol/L . 5| ) &
“40.30 pmol/L ., Taq ik B4 0.75 U/uL.

9 10 11

12 13 14 15 16

B 1 HEFRERE R ISSR-PCR IE IR A ik B i
Fig. 1 Orthogonal electrophoregram of ISSR-PCR products of Alternaria alternata and A. longipes
M: DL2000; 1~16: IEACH 45 . M: DL2000; 1-16: orthogonal design codes.

2.3 ISSRE|¥MTEERY EHRNFEFREREE R
M 40 2% ISSR 519 i it th 17 4547 38 254 i
B 22 A SR M I 51 W T ISSR ARie , HLAR
RER 2] A 3k R KR B, 40 41 T 46.00~55.40°C 2
6] FH 17 25514000 50538 135 BRI AR 2 T, 3
AT 192 251544 PP B SO 11.29 40, 28
PEAECH 1774, 28318 92.19% (£ 2) . [7]—
S G ) S B, B — e 2R (K 2) .
ANFEG 1 r sl BE 22 R EOR , 28 1S 4L
15 7~15 Z [8], 4 #4454 R/ T 100~3 000 bp Z 1],
FEH R S A AE T & s 1L 2R ISSR AR
0 AT TR R A B0 TR st A% 2R T o
24 WHEFREBFERESHEMEAISSRERS T
ISSR FRICHEE T UPGMA 250 Hr £ 8, k% 71
AT R AV B A% 16 81 1) 352 % AH ALK SF- 43 531 7 0.67~
1.00 1 0.66~1.00 Z 8] , 73 51| 7E i8¢ 4% AH RV R B
0.67 F110.66 I 3l 73k 2 A~ KHE 5 S st AL AHUPE R 4K
k083 B, FERS TR RN T4 3Ry SASEARE, 40 001) i
R T0L TR T o T R R0 5.72% . 1.43% .7.14% . 57.14%
F128.57% (&l 3) , K AR BEAS A6 & FRHE AT R 43 6 1
SEAE 3 ) R AV A% T A S T AR AU 4.62%
6.15%.52.31%.9.23% .21.54% #1 6.15% (& 4) . 1§
A TR 1) R v, ok A [R)— 48 T B4 TR [B] AH
IR R, K2 BB R —i, 5 bR I 2 90
—E MR o T AP EEAS TR PR 1 SR 241 5 Hh PR
R TCHA SRR S | A [) b PG R A A ok o L e BH
HBEBLTE

25 WEREFRENFEEETREEESL
2.5.1 AR 2R A GBS T Y

BERE 0L TR 1 9 A~ Hb AN R Y 2 807 8 4R
(PPB)7E 5.65%~55.93% Z i) , X/ NI ¥ A HuB>GX>
GZ>CQ>HeN>JL>HuN>SC>YN, 5 M %% 3] {1 % fif
FEPEL(Na) /NI — B, (8 A8 30085 i PR B L
SEBRALIN R ) (6 3) o KAREERE LT Y 9 > dth 2
FIEER) PPBTE 1.69%~67.23% 22 1] , K/ NI A HuN>
GZ>JL>HuB>HeN>CQ>SC>GX>YN, [d] £ 5 W 5%
S A S BE PRUBOR /NI — 5, A 8805 i R A
LU SEBRULI 2 (6 4) o BR = FPRESL , 2 Pl I
PN [ b BN EE Y PPB R/ NIRT 25 RER , = mi Fl
THF 1) B 45 TR TRT R AT B A% 76 TR D P 22 S 30N
PPB4Y 524 5.65% #11.69%

RS A B RREAS Y Nei " s B[R ZREVESS S0 (H)
0.23, AN [l MU BEANRE () H B 7E 0.02~0.23 Z 1], For b
JCFE H{E SR, B2 2 o O Pa D
HE, = PR . AW BEAR F TR SEAS (1) HEN
0.25, AN [l MU BRANIE () H B 7E 0.01~0.27 Z [1] , For b
PR N 2R s, ORI, =/
PRI o BEAS AR R B A - (5 BA 5k (D)
M\ 5 FIIE ) HuB>GX>GZ>CQ>HeN>JL>HuN>SC>
YN, SEAS Y T{ER 0.37; 4 A7k £ A% 46 18 B BE A9 1 (8
M 55 2K HUN>GZ>HuB>JL>HeN>CQ>SC>GX>
YN, BAREA R T 9 0.38, 2 BT [ 40 B o B 05 1
RS A TR AR BEAR AR R AT A & it e 2
FEPE , Tl AN [ b BEAR R ] S A AR 5t 1k
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Table 2 ISSR primer sequences with high polymorphism and amplification results of Alternaria alternata
and 4. longipes in ISSR-PCR study

211 A BRI AE 1) iEJ(‘JEEf IR zt\@?ﬁﬁ? E I DASNER
Primer Nucleotide sequence Annealing Scored Polymorphic Percentage of
(5'-3") temperature (°C) bands bands polymorphic loci (%)

UBC808 (AG)sC 47.50 10 9 90.00
UBC809 (AG)sG 47.50 15 13 86.67
UBC&810 (GA)sT 52.40 9 9 100.00
UBCS825 (AC)sT 49.10 10 8 80.00
UBC826 (AC)sC 55.40 10 10 100.00
UBC827 (AC)G 46.00 13 13 100.00
UBC836 (AG)sYA 46.00 9 8 88.89
UBC841 (GA)YC 47.50 9 9 100.00
UBCS855 (AC)YT 46.00 14 14 100.00
UBCS856 (AC)sYA 46.00 14 13 92.86
UBC857 (AC):YG 49.10 15 14 93.33
UBC861 (ACC)s 47.50 7 7 100.00
UBC873 (GACA), 46.00 10 10 100.00
UBC880 (GGAGA); 47.50 8 8 100.00
UBC881 (GGGTG); 47.50 11 8 72.73
UBC890 VHV(GT), 47.50 12 9 75.00
UBC891 HVH(TG); 47.50 16 15 93.75
&3 Sum 192 177

¥ Average 11.29 10.41 92.19

Y AR IO HE C 5 T, RICE M H-0 3L A 803 G, Y represents degenerate base C or T, and R represents degenerate base
AorG.

bp 2 3 4 5 6.7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

5000
3000
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1500

1 000
750

500

e wue 2 R A AR R T

250
100

bp gilg23226 27 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48
5000
3000
2000
1500
1000 w
750 y ¥ " W

500

2 1 L. A A _| A A A A A B

250
100

2 5|4 UBC856 5 E0 73 MR 5 7 2 7 1 5 [ 4H Y PR K B i
Fig. 2 Electrophoretogram of some strains of Alternaria alternata and A. longipes amplified with primer UBC856
M: DL5000; 1~24: SEAR 1R 5 25~48: KANHEAG LA . M: DL5000; 1-24: A. alternata; 25-48: A. longipes.
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Fig. 3 Dendrogram for 70 strains of Alternaria alternata amplified with 17 ISSR primers
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Fig. 4 Dendrogram for 65 strains of Alternaria longipes amplified with 17 ISSR primers
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Table 3 Genetic variations of different populations of Alternaria alternata

Z M E 2N

v o SV LA e Nei’s J&[H -4
ikt e ST N v AR ot i R
Population Sarpple No. of . Percentage _Of Observed no.  Effective no. Nei’s gene Shannon-Weiner
Sl polymomhlc polyr.norphlc of alleles of alleles diversity index index
loci loci (%)
HJK Chongging (CQ) 9 71 40.11 1.40+0.49 1.31=0.43 0.17+0.22 0.2440.31
J VY Guangxi (GX) 8 85 48.02 1.48+0.50 1.34+0.41 0.19+0.22 0.27+0.31
e Guizhou (GZ) 7 77 43.50 1.43+0.50 1.32+0.41 0.18+0.22 0.26+0.31
A5 Henan (HeN) 7 66 37.29 1.37+0.48 1.30+0.42 0.16+0.22 0.23+0.31
{54t Hubei (HuB) 10 99 55.93 1.56+0.50 1.41+0.43 0.23+0.22 0.33+0.31
1/ Hunan (HuN) 4 57 32.20 1.32+0.47 1.26+0.41 0.14+0.21 0.20+0.30
ik Jilin (JL) 5 61 34.46 1.34+0.48 1.26+0.41 0.14+0.21 0.20+0.29
PYJif Sichuan (SC) 10 56 31.64 1.31+0.46 1.22+0.35 0.12+0.19 0.18+0.28
ZFg Yunnan (YN) 10 10 5.65 1.06+0.23 1.04+0.17 0.02+0.10 0.03+0.14
JVEEAR Total 70 152 85.88 1.86+0.35 1.38+0.33 0.23+0.17 0.37+0.23
F4 FERBERKAEEBATMENEESTR
Table 4 Genetic variations of different populations of Alternaria longipes
FhRE PUNIEAS %L TR AL FRTREL
Population Sar.nple No. of . Percentage .Of Observedno.  Effective no.  Nei’s gene  Shannon-Weiner
Size p olymor.phlc polyn}orphm of alleles of alleles diversity index index
loci loci (%)

HEJK Chongging (CQ) 6 71 40.11 1.40+0.49 1.31+0.41 0.17+0.22 0.24+0.31
I 74 Guangxi (GX) 7 25 14.12 1.14+0.35 1.08+0.23 0.04+0.12 0.07+0.18
Fe Guizhou (GZ) 8 85 48.02 1.48+0.50 1.37+0.41 0.20+0.22 0.29+0.31
i/ Fg Henan (HeN) 8 73 41.24 1.41+0.49 1.31£0.41 0.17+0.22 0.24+0.31
{51t Hubei (HuB) 5 79 44.63 1.44+0.50 1.37+0.45 0.20+0.23 0.28+0.32
175 Hunan (HuN) 11 119 67.23 1.67+0.47 1.49+0.41 0.27+0.21 0.39+0.30
Tk Jilin (JL) 10 83 46.89 1.47+0.50 1.31+0.39 0.18+0.21 0.26+0.30
PYJif Sichuan (SC) 5 55 31.07 1.31+0.46 1.25+0.41 0.13+0.21 0.19+0.30
2 Fd Yunnan (YN) 5 3 1.69 1.0240.13 1.01£0.10 0.01+0.05 0.01+0.08
JVEEAR Total 65 151 85.31 1.85+0.36 1.40+0.32 0.25+0.17 0.39+0.23

252 MAFKERAGBEREAESL

AR FEL TR O A i ELRR B A0 B A A ZREVE B
A N 8 5t A% 22 FE M RIRE AR (8] 9 352 1 2R 1 5301 R
0.18.0.12 F10.06 , F AW EE A% FLFRT 9 /> 1 B 11
IR i5A% Z R BRI 1R 3545 22 P R A 0] 7 st
FEZREVESY 50 0.24.0.15 F10.09, BEARIKE |, 6%
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Table 5 The population genetic diversity and population differentiation within and among Alternaria alternata and A. longipes

HIERE S L 2R FREN Fe i) B REL HEFEAEAC
iH No.of  Dente gene WAL ZFEE AL 2R Coefficient of AL
Item stra.ins diversity in Genetic diversity ~ Genetic diversity population genetic No. of migrants
the species within population among populations  differentiation per generation
BEMSTELIE A. alternata 70 0.18+0.02 0.12+0.01 0.06 0.36 0.89
KARBEAE TR A. longipes 65 0.24+0.03 0.15+0.01 0.09 0.37 0.85
K- Species level 135 0.26+0.03 0.18+0.02 0.08 0.28 1.26
A 1 CQ B cQ
[ HuB 1 HeN
GX [ HuB
— L&z HuN
] HeN — 4
— nw GX
| JL ] JL
SC 1 _sc
L % L w

Bl 5 EF Nei’s BEEENEEAERE(A) FKHEEERE(B) B ERE
Fig. 5 Dendrogram of nine populations of Alternaria alternate (A) and A. longipes (B) based on Nei’s genetic distance
CQ: HHK; HuB: Widt; GX: J778; GZ: 5S¢ ; HeN: yal/g; HuN: #IFd; JL: 5 4k; SC: PUJIl; YN: =Fg. CQ: Chongg-
ing; HuB: Hubei; GX: Guangxi; GZ: Guizhou; HeN: Henan; HuN: Hunan; JL: Jilin; SC:Sichuan; YN: Yunnan.
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