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Abstract The mating type of the pathogenic fungus Ustilago maydis in Gansu Province was identified through
genetic analysis. Specific primers and ISSR molecular marker technology were used to analyze its genetic
diversity, with the goal of determining the mating-type genetic structure of the pathogen. The results showed
that there were three mating types of U. maydis in Gansu Province, namely mfa1, mfa2, and mfal+mfa2, with
five, 11, and 34 strains, respectively, accounting for 10.00%, 22.00%, and 68.00%, respectively, of the pathogen
population. Of the three types, mfal+mfa2 was the dominant mating type. After ISSR primer amplification, 203
bands were obtained, with an average of 9.23 bands amplified by each primer, of which 182 were polymorphic,
and the proportion of polymorphic bands reached 89.66%. The results of cluster analysis using NTSYS-pc
software showed that the genetic similarity coefficients of the tested strains ranged from 0.70 0.93. When the
genetic similarity coefficient was 0.75, the population was divided into five groups that showed rich genetic
diversity. In conclusion, using ISSR molecular marker technology to analyze the genetic diversity of U. maydis
and using molecular biology technology to preliminarily study the mating type, it was found that there was no
obvious correlation between the genetic group and the mating type of the bacteria, and the two were not closely
related to the geographical distribution of the bacteria.
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™ 7 — M R R R AE 5% -10% 2 7], 7™ B 1 e ek
7730%-80% . 20004F, 1% 8 76 3 [H N 52 0k 1 X 4T
RIRTEFIL 1.3 FThm?, P K% %8 20%, S5 58 J3 3 b
RIFRFEIE100%, FEKEWR =, EELUS. Bhoh, 20 H
ERRE AL, b, PEALHFE T KX AR R T RIX A A
A R R K R AR 45 M T R R AR B 2 L R
PitES ZEANTE . 3 R AR R B 3R R A AR R SR A
5 3 T AR S 95 LE S R XA RS [R] SR 3 2 T R R T 2
WK, R K A =i BT — TR R (.

ORI N N R &R Bk (U maydis) , J&T 5+
SERC G, 9 B 6 S W BRI R S AN B B, AN [R] LA A A
e P B 2 0 OUA% B 2242 e, 6 KR SR 78 T P35 R Al . (L7
T 1R XUAZ B 22 10 4 A0 5 R F 2 i AR JE IR (W as bl /N L A
PO, WU B L2 AR I T B T adk IR SR ], L3800 1 A
T AL M Bk TbIE AL s R L Rk, afr s RS2 =4
FOmVER L2 1 BT BRT, FORRE B Eah R L
A mfat. mfa2ix iy i R B 02 23 7 h5 A0 RS % B 4% S A
7 TE) J8 A 900 5 010 22 S, AN A2 A A i) F 1R 3 0k 2 5 R A S ER
Bisk thigm. mISSRa FAricH AR —HF iz H B L i
PERF I 7 0, B AR R RE ML AR R EE M
TR IR AR KRR AL %7 R BEREPCR
gt AR R B, T B S E  Roe i R AR 2 S
. Ik R FENE R A 907, MR T AR ESR
SRS A TR AR T S ) e R 38 A% R o A 0L, I ISSR Ay
T eIt R U A M X T R 2R K T I R R A 45
TR T RGRT T, KO0 AR A 1R 05 1 R A R 1
iy T b I 8 IR R A 2 VR A 0 R b R R AN [
b 1R S B AR SRR B B R AOSE 2ok RO X/ 2@ it
ISSRA; FhriC B A XS 824k &5 %) 78 B AR W HEAT T it AL 2 FEME
I, R ILAS[F] Hb B R J5 ) T %) 2R A B ISSRESE I &I 0 5
HOREM M A T B EA N, HE— X EEREENH
FlRE 2 RAFAE — 58 AR A0 Ak, SO T T KR S8 K T A A%
LR AR AR R AL B0 X PR AR I 3174V E
FREI 43 APA R, 45 R RIAAL T 104N X 10 K8 75 B A v
WAL ZAEVERAR, HJG S il 2 0 R H A KoK
T A ARG 5 R 7 R 45 SR AT, 2015-20174F KK HLIX R A Tk
TR A T KR SE K5 » 95 H 2R 7E10%-50% 2 7], 35 k2 9 5%-
12%, B4y BRI 8E, Rm Rk B15% L 11,

SEAARME AT LERA, KR ERRAEHTES
XI5 20 A1, A ST R IR 0 Pk =15 65 % A TSR 4)
FAEY R ARAISSRY Fhric i AR, 454 POPGEN#AFAI
NTSYS-pci AT AL, 43T H 7R 44 5 K8 A 128 e 7Y
AL ZREME, S H R 8 K8 R 10 A2 il R AN i A% 2
FEME, DA 12000 55 (0 A T U R 25 45 o 4 48 LB 1k 4.

1 HRS %

1.1 AR

PEH A 2022-2023 9 R A& H i BRPE. T 5 B a6 1)
T KR I R, e H A 51, EECR AR A X, B
Hby DCRTYAT PG 7 R s BS54y, SR E AE % 1T R AR T T E 640,
KA BT [T T PR A LT BraE 1240,
KB A AR s VAN E A X AT X, B R
o B SEARTFETT. AL B v B YA A B & ik E
VAL VEANR AL AT AN MR B KA. K B A 5 150
AN 3k 0, USCHE 28, I S 00 =8 HEA T 978 IR I 20 5.

R AL : 2 x Power Tag PCR Master Mix. DL1000
DNA Markerf1DL2000 DNA Marker4 ) (435 /7 & E B R
HIRAF; TBEWHIL 52 E R A BRA T ; DNA securer
AR ) 36 R ZH DNABE BGR 71 & 8 B AL RAR AR A BR A
@l; PCREI M LA TAY TR BGA RA TSR,

1.2 RIWHE

121 HBEENSBEESF w805 EN Eikr ik, i
A7 7R KT SR T (¥ 43 B 0 % S SR T VR AL Kz R e VR
119 %, TUN15%H &, £-80 CIA7, F7H.

1.2.2 DNA EEl  HEME IS R MAM G NEE, 8
TAEE10 mLAE A7 H 4 5T i K B 1 PDES 32 R, ik
A25 ‘C. 200 r/minfEiR %% % 75577 3-5 d. WWEEPDR; ik
H A, R BRI T, K FIDNA secure i AU (K 41
DNAREUR ] &R IDNA, 20 CLEA4F % .

123 RERESTEE  UHHAFEHRIZIUYDNARNIER, 2
A A 5 W TS1-FAIITS4 K PCRIZ K2 7 "%t TSIX
ST 1. PCRY /=yl ykta G, L TAY TR
I BR A T3 PCRY #4743k 47 )% 4102, I+ F GeneBank
WA TR, M RG R E W,

124 EXREENERRELE HEKEFRLNEHSR
W T A TC 2 T O s B ) FIPCR SRR R, o Atk 1 ok
IFPCRE . mfatd: KA fimfa2 LK R, i PCRY” #4757~ 4
KNG F9549 bp 1637 bp. PCRY 14774 FH1.0% Agarit/ik
PRI, AR AR 48 2% 1 KN s 2 B R afr A S TR Y.

F1 XEEE|Y
Table 1 Mating primers
ol kit SRR 5P 5 (5'-3D
Mating type Primer name Primer sequence (5'>3’)
mfai UmfalF CCTGGGAGGTTGACAAAGAA
UmfaiR CCTTGAGACAAGCGAAGTCC
mfa2 Umfa2F CCAACCACACACCCTCTTCT
Umfa2R CTGCAATTGCTCTGGAAACA

1.2.5 ISSR-PCRY#  ZMRik 55" X/ "5 23 1
ISSR-PCRR WA R M i 1 (1 51400, K 8344 IR 22 ¥ 7 14 ik i
ITISSRY 14, WrRifiik 22 5149, H bilsA T AW TRE I
MER AT ER T R84 (£2) . WHPCRM = YyiE4T ik
SEAG, T EER BRG R Gk A

1.2.6 #IEHH  Suil kST AW LA, &M
EN0) , JREE S RAREHE R, i# i PopGen32FINTSYS-pc
2.10 version#KF iz B AT B 2 R HE A

2 ERESH

21 MEES FEE
MRS I R KSR AR R, 3Ly AR BI83AN B Ak, HE
HHH 500k, BePESHE, TEA6%K, Hri12tk. HITS1-F/ITS4
G105 S AR kT PCRY 4, §36H1828 bp/i 41 1) 4k
(ED . 7255 5 Gene Bank#4f 111 Ustilago maydis
# ¥k ¥ %1 (NCBI accession No. MT573494.1) #HTELEE, &
PR AR B Rk A B 1 RNE M, 295 1 98%. 3 1t itk
PRAS I AN %5 58, 3508 KR OB i 5 B (U. maydis) . ]
FAMEGA 11.08 LA 2 SR (U. bullata) « K3 & K I
(U. hordei) . A EKH (U. esculenta) . #i% K H (U.
serpens) M LUBHE (U. coicis) JMERE, DAZEEE Rk 1
(Alternaria brassicae) FIZIHHEA% 1l (A. tenuissima) N4k
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Table 2 ISSR primers tested

ElEYE2R i 5 F 51 (5'—3D BKIRE (61T)

G/ Ey i I F I (5'—3" BKIRE (61C)

Primer name Primer sequence (5'—>3’) Optimal T,, Primer name Primer sequence (5'>3") Optimal T,
UBC807 AGAGAGAGAGAGAGAGT 47.0 UBCB856 ACACACACACACACACYA 46.0
UBC808 AGAGAGAGAGAGAGAGC 52.0 UBCB861 ACCACCACCACCACCACC 56.8
UBCB809 AGAGAGAGAGAGAGAGG 47.0 UBC873 GACAGACAGACAGACA 52.0
UBC810 GAGAGAGAGAGAGAGAT 52.0 UBC876 GATAGATAGACAGACA 36.2
UBC811 GAGAGAGAGAGAGAGAC 47.0 UBC884 HBHAGAGAGAGAGAGAG 56.4
UBC812 GAGAGAGAGAGAGAGAA 46.0 UBCB885 BHBGAGAGAGAGAGAGA 541
UBC825 ACACACACACACACACT 56.8 UBCB886 VDVCTCTCTCTCTCTCT 54.1
UBC826 ACACACACACACACACC 54.4 UBC888 BDBCACACACACACACA 52.0
uBC827 ACACACACACACACACG 56.1 UBC889 DBDACACACACACACAC 56.4
UBCB835 AGAGAGAGAGAGAGAGYC 47.4 UBC890 VHVGTGTGTGTGTGTGT 54.0
UBC836 AGAGAGAGAGAGAGAGYA 48.5 UBC891 HVHTGTGTGTGTGTGTG 57.6

Y=(C,T),B=(C,GT),D=(A,GT),H=(A,C,T),V=(A,C,G).
RIMERGKEW, &5 RKW], 831w kIIBE 5U. maydis %%
A3 B, B 73 8 sk 2500 5 KR SR o i I B (U, %%

maydis) (2) .

E1 BRSNS EREERFRERNEESR.
Fig. 1 Amplification of some strains of Ustilago maydis from maize.

2.2 RZECHILARK

L83k fit ik B R I DNA A 70 % 52, I %5 52 20 i 1)
PR S S AT PCRY 1. X508k H 7R 49 5
PRFEAT % 5, L8 2I34k N Jymfal + mfa2, HHA
MR 168.00%; H 5k EmfatdE KA, K H A BB
10.00%; mfa23&H R A 118, & H N & SR E122.00%. M
R A EBXIEORE, KEBEARHIX . Bt DR 7 7 i
BER B R A 2 G 168k 17THRFITHE. BhAh, BRvb. = A0H
587706 5K 168k F1128%, 5 Amfal + mfa2ssBie . #7322
W 700 2 5 S SR R 3T . AR R AT I B a4
A, RIF R KA R T i Sk E ik, HACHE R afs 2
BUARE—F, BIGS-PILymfal Xt &, GS-PZHS. GS-PCH
MGS-PKBB¥ Amfa2Z i, GS-PHS Aymfal + mfa2iz it
A, X B H R KR S B 1A L A afr A S R Y () b 2
O3AT LA AE— 52 (B LIE.
2.3 ISSR-PCR

FIFISSR-PCRH:: A X 112 1) 8 34k 1 K 24 Wy B i3k AT
4, £l 2225ISSRE W4, 34 I T E7E100-
2 000 bp i) (F4) , FL1G 512034 %, “FIIRE 4651 1Y
1H9.23%, HA11824 A% RIS, £ TS L)k 3
89.66%. Xt 13 2 vk g M 22 0. 15 k5, JFFHPOPGEN
AT 00T, 85 RUnREFTR. IR HIRAESX Ry, ¥R
£ H A AL E R 3K, I 5 H 8 L e X R
M AR AT LU A0 AT, N FRATT I, 83k T K8 SR s 24 A 7K
b, Nei'sE: K £ #E0E50.219 2, Shannonfz B 45%1450.321

E2 ETITSFIEERZLEN.
Fig. 2 Phylogenetic analysis based on ITS-rDNA sequences.
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Fig. 3 The partial mating type identification results.

4, AT R HECN1.572 3, B REEFE N EN1.388 2, Z AL
H 5 oN57.235. oAy 25 X 4 B B AR [ Nei's 36 [ 2 e 1
Fe % Sk Shannonfs 248 $35 B i, 351 790.263 6410.388 2,

Tt B 3K — [X 38 B R 140 3 IR B R = s VR B R b X1

43 51°80.249 7H10.363 9; ] P 7 JEE (1) 43 51~ 0.234 7 A
0.3459; FH /3 %1°540.250 7410.365 4; 754> 5140179 5
F10.263 4 FriE s 5190.137 0£10.201 8. FEHFE KN IX
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[El4 5/47UBC83631 1 ElEHIISSR-PCRY .
Fig. 4 ISSR-PCR amplification of different Ustilago maydis
isolates using primer UBC836.

4, Shannon{s BAEHHI K T-0.34, Nei'sF [K 22 FE 1 5 4U4L
KT0.23, ULBHH & T K B 1 1 A 2R LR
B HR A 3N I IX P R BRI T AL AR S S U DA
AR M X e e, 0 B 9 25 M X B R 1 35 A 2 BRI A

WRSFT7R, HA I A, B R X 5 pkph. T2 A
ST 9B 3 BE B 40 090,097 4. 0.077 9410.145 4, i#tfL 4
AU 4351 750.907 2. 0.925 1£10.864 7; B i [X 5kt |
BRI 9 (384 15 2923 73 v 0.119 2. 0.092 1410.142 2, itk
AL 23 599 0.887 6. 0.912 0F10.867 5; Jif 5 3 Jik 5 |52 7
7 B FIHT B 1 8L BE 2543 72 0.110 3. 0.082 6£10.141 5, i
FE AL 4) 511250.895 5. 0.920 7H10.868 1; T H 74 34~
[X 2 8], Bl 25 3t X 55 [ w09 74 5 JRR 1 84 B2 5 3 53l Ry
0.063 67110.064 1, Wi f& LR 7351 90.938 4£10.937 9. Bk
VG 5 5 FI0H 508 1R 82 4% 5 125 43 791 9 0.082 9£110.158 9, Jnif%
AHALLEE 43 5125 0.920 4F10.853 0; * 5 557§ (1) 4L IR 55K
0.097 6, HEMUE H0.907 0. LL EFIER, H a3/
X 22 10975 JE T 11055 4% 28 B 30, b 00 R 8 ) 77 6 6 T P okt
oAk, JET S A A XL, 5 5 T KR Sk 0 0 i
2 TREAR PR /N, SRR OC KRBT s FLURON BV, T T 5 ) st
FEER B IRR, SRS R R,

NTSYS-pc version 2. 10111520 Hr 45 B 2o ik
BRI B F B s 2 e, Ml R $07E0.70-0.93 2 [A].
WAL AL RECNO. 720, AT LUK T B Ak o AN RIS, T

R3 ERBEERERO R mLHHER

FEARL R ECNO0.750F, nT LK AT B #k 7 54253 (IGHISSR
groups) , KEIGIFFHE IR, HrPaEFE1NEE R X k.
1 Bl A B DX B ok R A AN VAT 06 T DB 1 s SR BEIG IR A 174N B
PR, ELHESA B 45 L X B PR 54 Bl m i X B ok AN 74N 0] 6 A JE
ks EBEIGIIT A 414 Bk, 5G9 P 75 Hh X B Ak 124
P 3 DX T A 84N P A JER T A 4 [ T ik A8 T E I
PR RBEIGIVAHRH 16 bE, 54 7 5 B bk A2 5 88 5
PRy BREIGVH AT 64N B bR, BLHE 1N 45 3t DX 1 Pk 14N Bk ot
PRAAAN T EE M. e R, K5 R BH RN EE 510
B BEEEW AR, KEFEPEE TR, Bt
X V67 R AR VG T B A R AR R k. e Ak, R SRR
A [ PR T8 23 AR AS [ (K ISS RS T v, ke 1 Vi) 1 7 Jag ik gk T
I B 1k GS-WLJIP AR H Bz 1 X ) B A% GS-BHZG R AE 7] —
4332, T [RIRE A R 1] 74 e JeR 22X 7T 1) T ik G S -WLW Y45 B
F S KR (ES) . g LTI, SREBES B ETRAMRN
[) b 3l ) T ke, 0 T S KR SRR B AL 2 A S b ORI 2
V) G S A S

3 Wit

AT TR I, H A8 B KR SR R B A 3Rk A it A, B
mfal. mfa2 flimfal + mfa2=2Bc Y, 22t Bafy S S 7E H
A S A REEH AT A, T IH 7R 48 KI8T SR 5 B 1 22
e 205 Hoh 3 RIS A N R R, X5 Zhang%E X404k &
B 7R TR PR AR AT AL ZREME T A5 A AL JE R a s 2
iy B SRR S OS50 VAT, AN, BT AT R IR SR
PRA A7 AE SRR AT L M afs 287, i BEIGIEES 174 B bk, H
R 3k mfal1 S B B, 6Fk mfa22s i BRI 8Fkmfal + mfa232 fic
A, HA A B afy A2 R F ok E A — 2RI A B ik L
WEAEASF G EEE, ) U S BENG I 1) 1 1 GS-WLJPFI 2K B IGI
H R PR GS-WLWY, 3 Kk H[F—Hh X H¥Amfal + mfa2
ZECA. EUR AT, R KR R i 2 R S R
it Rl afi f R A AR R AT FE B UH A KW
M B A BRI A B, SRAET VLR B KR M X B va |
TR IR B e, R AR R R IR, AR LU e

Table 3 Identification results on mating type a locus of Ustilago maydis

i PR IR SR Mfa15g it B LL 5] Mfa27 Fi B4 LL 5] Mfa1 + mfa222 fic 7 L )
Region Total Mating type of mfal (/%) Mating type of mfa2 (/%) Mating type of mfa1l + mfa2 (/%)
Bz <1 [X East of Gansu 16 18.75 37.50 43.75
Bz st X Center of Gansu 17 5.88 11.77 82.35
VAT 7 7 JiE Hexi Corridor 17 5.88 17.65 76.47
76 Shaanxi 5 - - 100.00
5 Ningxia 16 - 100.00
B Xinjiang 12 - 100.00
F4 TRMXEXREEMFREEETRSH
Table 4 Genetic variation parameters of Ustilago maydis pathogen in different regions
. SEROERY AR cppsop ShannonfsEIEH A YERLNY S RLATN
HhERANEE ?\lrlﬂfnit;e.r% ﬁﬁlfrrjblefgéﬂ Nei's 1[92 £ 1 JR 5 S aShgnimon’s;cH@L[ '/Nurr:Ll:Tér O%ﬂ I/Z’er(iAc-:fntang];\ojfé

Geographical group

Nei's gene diversity

1233

alleles effective alleles information index  polymorphic loci polymorphic loci (P/%)
Bz 2 Hs[X. East of Gansu 1.7094 1.4639 0.2636 0.3882 144 70.94
Bg X Center of Gansu 1.6256 1.4432 0.2497 0.3639 127 62.56
JA] P4 7 B Hexi Corridor 1.6256 1.4091 0.2347 0.3459 127 62.56
[ 74 Shaanxi 1.4680 1.3233 0.1795 0.2634 95 46.80
T 5 Ningxia 1.6355 1.4487 0.2507 0.3654 129 63.55
Hrif Xinjiang 1.3695 1.2412 0.1370 0.2018 75 36.95
“F#4{E Average 1.5723 1.3882 0.2192 0.3214 116.17 57.23
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Table 5 Genetic similarity and genetic distance of Ustilago maydis from different geographic groups
b 2R [l 7 b [X. Bl X VAP E R i}

TH HE

Geographical group East of Gansu  Center of Gansu

Hexi Corridor

Shaanxi Ningxia Xinjiang

Bz Z= #h[X. East of Gansu Frxx 0.9384
Bz [X Center of Gansu 0.0636 i

JA] P4 7 i Hexi Corridor 0.0641 0.0370
76 Shaanxi 0.0974 0.1192
T Ningxia 0.0779 0.0921
B 38 Xinjiang 0.1454 0.1422

0.8647
0.8675
0.8681

0.9251
0.9120

0.9379 0.9072
0.9637 0.8876
e 0.8955 0.9207
0.1103 e 0.9204 0.8530
0.0826 0.0829 e 0.9070
0.1415 0.1589 0.0976 EEE

X2 ETT AR AR L, X f R T Ak .

Nei’s genetic identity (above diagonal) and genetic distance (below diagonal).
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Fig. 5 NTSYS cluster map.

F b DX ) B S A FE AR IS, ANPE N H R A R B AR N 1 A
AU EE ST, 5T G b At b X T K988 S K975 1R 0 52 TR B e 2
R, ARFIMKEEA R, 3T )5 8201 98

AT % B R LA X R 2y, H R AR 1 B R 8 S
R N3 HLIX, BB 48 i X, Bl ey X R0 95 7 Ji, O 5
N A X CBRG T ERHT 5D SR AR I BRI HR AT ISSRig %
ZREVE AT, AN TR MR P R 2 TR F) 3o A DL RS R 3ot B
Ny BRARIASE GO REIE 2 H N A 3N HIX, HE575E 1
T KR SR 0 0 SR T 2 IRV 5 0k R AT, kR B, TS
TR AL PR B R R, RGO R, X R H IR A 3 HIX
97 SR 1 2 (e B = DI R 4ok &, HZ R IR 1 1) AL 5 57
5135 S0 A AT — E B SRR, X 55K K T AT AT 45 e U )
G ROTE 3R bR AH T R A, LI A6 BE S, SRk R
1T, AR Popgen#T ) 45 ST K1 Nei's 5 K 2 A M 48 B0 oA

0.137 0-0.263 6, Shannonf5 & 45 %EHI"~0.201 8-0.388 2.
TERERKF L, Nei'sZE K Z #4808 0.219 2, Shannonfs
RIg#080.321 4, &1 5k K55 550 70 15 Nei's 2 [H 2 #1448
#740.179 7, Shannonf{z B 46%040.251 5, LI H R4 34
X 5 Bk v 7 5 FHT 58 A R KR B v A B B e A
ZREMEY . BUE AL R KN 0,750, T LUK B A Rk 854
ISSRZEHE, SAISSRISHE /3l AL E T R A A R M IR W B ik, &5
TR T KR R R ISSRISHERY Kl 405 b B SR IR 2 18] TE
(AR, X 55K 5 55 000 sl vt U148 o 2 (R T 9 45 48— 3.
TEHOERAL B 5T, BRI SR 9 B T B SR AL i, LA AH AL
by DX i) P9 975 A B A AE 2 B R IR A i, L b B A 30 B B ) 1)
TG AR E AR . WSARIREE 7T, B 245 A0 Bl b b [X 5 2= 4
X5, G5 A R RIRT SRS B R AR A, IR AR A X S
PR8N B KR R R A SR L T R A 1, 5 B0 AR
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FERAE, By IS R, TR R R AR R R
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Table S1 The collection sites of the strains

i PSS T KA
Number Location Number Location
GS.Pzhs TH LR BHHEH Gsusz TR AN & J
Handian Town, Zhuanglang County, Pingliang City Zongzhai Town, Suzhou District, Jiuquan City
Faimite s Hilig s TSR T RN X SR
GS-PHS Shanzhai Town, Huating County, Pingliang City GS-JSGX Guoyuan Town, Suzhou District, Jiuquan City
Gs.pon  THTIR(E BHKH GS.JyDH EEIKE BRI
Huangjia Town, Chongxin County, Pingliang City Dongzhai Town, Yongchang County, Jinchang City
P T U R X 7K AT VR K B
GS-PKBB Baishui Town, Kongtong District, Pingliang City GS-WGSS Sishui Town, Gulang County, Wuwei City
RRNREIIEE T A S QT VR B K o
Rl Libao Town, Jingchuan County, Pingliang City EEniiEe Dajing Town, Gulang County, Wuwei City
PRI E B 2 BB T ] X LA
Gs-QzsX Shangxiao Town, Zhenyuan County, Qingyang City GS-WLWY Wuhe Town, Liangzhou District, Wuwei City
PRBH T 1 e X\ it & BT v X
GS-QXXS Xiansheng Town, Xifeng District, Qingyang City SRkl Jiudun Town, Liangzhou District, Wuwei City
DR B T P U X 1 < B I T TR Bl L AR
GS-QXXJ Xiaojin Town, Xifeng District, Qingyang City GS-wMC Caigi Town, Mingin County, Wuwei City
GS-QxH  PRFH T /5 2 9 sxyzyy JERMESE G
Houguanzhai Town, Xifeng District, Qingyang City Jinding Town, Zhidan County, Yan’an City
DR IH T DRI L 55 T 4 IS UE= T e uki |
Gs-QavD Yima Town, Qingcheng County, Qingyang City SX-YDXA Xin'anbian Town, Dingbian County, Yulin City
PRIH T PRI E B T Al S22 5 R B F 304
SiErioEn Baimapu Town, Qingcheng County, Qingyang City BeEe Baibao Town, Wugi County, Yan’an City
DRISH 17 DRI 2 o 1 HE 22 T R B R ke A
GsS-QQG Gaolou Town, Qingcheng County, Qingyang City SXYWWJ Wugqi Street, Wugi County, Yan’an City
PREH T & 7K EARA 4 SE 22T R B R B A
ESaRp Bangiao Town, Heshui County, Qingyang City SAMINE Wucangbao Town, Wugi County, Yan'an City
DRBA A B L5 SR 4 e RO AR B it B
GS-QHY  yiele Town, Huachi County, Qingyang City NX-WYH 1 amachi Town, Yanchi County, Wuzhong City
R BH T et B 3 5 A F BT b B ) e
GS-QHCY Chenghao Town, Huachi County, Qingyang City NX-WYG Gaoshawo Town, Yanchi County, Wuzhong City
IRBA T B R £ e 55T 75 AR 11 v
GS-QHQ Qiaohe Town, Huachi County, Qingyang City NX-Way Yesheng Town, Qingtongxia City, Wuzhong City
Sk Y= I SR KT e 7T I e W
SR e Zhongchuan Town, Huining County, Baiying City RBREE Chenyuantan Town, Qingtongxia City, Wuzhong City
AT R R B S S S BT RDE X 4R
GS-BJSS Sitan Town, Jingtai County, Baiying City NX-WLJ Jinji Town, Litong Distric, Wuzhong City
FIAR T 2 B B R ] J i 8 o L M P
SRR Xiquan Town, Jingtai County, Baiying City NASEAX Xinglong Town, Xiji County, Guyuan City
FARTT R AR B — i [ JE T o L O
GS-BJYT Yitiaoshan Town, Jingtai County, Baiying City NX-GLC Chengguan Town, Longde County, Guyuan City
R T 5 2 B bR i = At
Bemb Zhongquan Town, Jingtai County, Baiying City bl Ligang Town, Helan County, Yinchuan City
AR T o B = RN B 22 B3]
GS-BJSW Santan Town, Jingyuan County, Baiying City NX-YHX Xigang Town, Helan County, Yinchuan City
AR T L X1 1 RN B 2 B S 4
Lt Liuchuan Town, Jingyuan County, Baiying City BT Changxin Town, Helan County, Yinchuan City
AT 3 I B AR BT PR IX KB 8
GS-BJDH Dongwan Town, Jingyuan County, Baiying City NX-YXD Changxin Town, Xinging Distric, Yinchuan City
FIAR TP 1 X K SR B R 7B A7
GS-BPSH Shuiquan Town, Pingchuan District, Baiying City ey YangheTown, Yongning County, Yinchuan City
FAR TP X 5 AU P LTV 3K X AR B
GS-BPBX Baoji Town, Pingchuan District, Baiying City NX-ZSC Changle Town, Shapotou Distric, Zhongwei City
GS.DAXL ETE % X PR Nxzsz HEMHk KB
Xigongyi Town, Anding County, Dingxi City Changle Town, Shapotou Distric, Zhongwei City
SE TG 113 Bl 7 el 4 e B R 5
GS-DLMG Mahe Town, Longxi County, Dingxi City NX-22Z Zhanchang Town, Zhongning County, Zhongwei City
SE 8 113 Ik B Pk PR A L T 2Lk AR
E Taoyang Town, Lintao County, Dingxi City ey Yaofu Town, Pingluo County, Shizuishan City
Gs.Lycy MM Lk UKAP LB AR LA S L &
Chengguan Town, Yuzhong County, Lanzhou City Pilal Town, Aktau County, Kizilsu Kirgiz Autonomous Prefecture
GS.LALN % TR X% B2 Ky AR R R AT
Liujiabao Town, Anning Distric, Lanzhou City Yitimukong Town, Yecheng County, Kashi District
I B [0 % [ 9 M SR B PR Ok & g
GS-LKHD Huguan Town, Kangle County, Linxia Hui Autonomous| XJ-HMR MBS Bt il 2

Prefecture

Ruokeya Town, Minfeng County, Hetian District
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4EKik1 Table S1 (continued)

i KA % PSS
Number Location Number Location
I B2 [ 7 LV 1) VR L O B S 5 B e R B E i 2
GS-LGCS Chengguan Town, Guanghe County, Linxia Hui XJ-BQY  Yingwusitang Town, Qiemo County, Bayingolin Mongolian
Autonomous Prefecture Autonomous Prefecture
o - BEE S E RN R BAERS v e e 2
U 17 17 X 7 H o . . .
GS-JSXW Xincheng Town, Shixia Distric, Jiayuguan City XJ-BQT Xtct)gstl)anl](gheskle:r'g%vcr}h%emo County, Bayingolin Mongolian
3y . HERE S IR M B A S
AU e T X SO 05 8 1 E . :
GS-JSWH Wenshu Town, Shixia Distric, Jiayuguan City XJ-BRT 'Il;?g;:c'{gxn, Ruogiang County, Bayingolin Mongolian Autonomous
FRAR T L P AR R R B EARTE BT X %2 T R AR
GS-ZsDY Dongle Town, Shandan County, Zhangye City XKJ-WXA Anningqu Town, Xinshi Distric, Urumqi City
GS.zLsw TR B b SUWTT BT Skl X Skt ol g it
Shahe Town, Linze County, Zhangye City Toutunhe Town, Toutunhe Distric, Urumgi City
) e g ARG ¥ o0 B IR M AT A R B G B g
kA T H o XHTEE : -
GS-ZGXS ; . . XJ-YCH  Hahai Town, Chabuchaerxibo Autonomous County, Kazak
Xindun Town, Ganzhou District, Zhangye City Autonomous Prefecture of Il
; I 5 B0 VA MR IR B L ARUR AL
A 13 HEM X H 3R AR :
GS-ZGGS Ganjun Town, Ganzhou District, Zhangye City XJ-YXJ  Jiangeersheng Town, Xinyuan County, Kazak Autonomous
Prefecture of lli
GS.ZGDN  KI T HHM X 36 3 SUyNz PR E A JE B L e
Dangzhai Town, Ganzhou District, Zhangye City Zeku Town, Nileke County, Kazak Autonomous Prefecture of lli
. B4 [0 7R 15 Vi 1 e P B L el P A 4
FRAR T i B L R A o : ;
GS-ZGN Nanhua Town, Gaotai County, Zhangye City XJ-CHY \C()lrg:g;jicun Town, Hutubi County, Hui Autonomous Prefecture of
GSzML AR SR N GeTox  JUKMTH A ELH

Liuba Town, Minle County, Zhangye City

Xinxing Town, Gangu County, Tianshui City




