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Abstract

River valley forests in the Irtysh River basin are an important part of China's Three North Protective
Forest construction, which have important roles such as water conservation, soil conservation, etc.
Nevertheless, the forest area in the river basin is experiencing worsening degradation as a result of climate
change and the development of nearby water conservation projects, leading to a decline in the quality of the
forest stands. Therefore, there is an urgent need to conduct research on the conservation and restoration of
forest species resources in river valley forests. Betula pendula is a tree species in the genus Betula, family
Betulaceae, and is a dominant species in the valley forests of the main tributaries of the Irtysh River Basin,
with an outstanding ecological status, but there are signs of degradation, so the study of genetic diversity will
lay the foundation for the conservation of its germplasm resources.

In this study, we analyzed the genetic diversity and genetic variation of Betula pendula in five tributaries
of the Irtysh River Basin based on field investigations, using chloroplast microsatellite molecular markers
and leaf phenotyping as a complementary method, and investigated the genetic classification, and
comparing the similarity of genetic diversity characteristics under the two levels of analysis: chloroplast
microsatellite molecular markers and leaf phenotypic variation. We also investigated the genealogical
classification of Betula pendula, clarified the influence of river and gene flow factors on the genetic diversity
and genetic variation, and compared the similarity of the genetic diversity characteristics under the two levels
of analysis, namely, microsatellite molecular markers for chloroplasts and phenotypic variations of leaves.
The main research results are as follows:

(1) In 198 samples, four sets of primers were tested and found to have identified a combined total of
nine alleles, with the level of polymorphic information content (PIC) varying from 0 to 0.4253. The level of
genetic diversity of Betula pendula was medium, with obvious genetic differences among tributaries. The
genetic differentiation level was low, except for the Berezek River, where the differentiation coefficient
Fst=0.308, and the genetic differentiation coefficients of the other four tributaries were in the range of
0.018~0.055. The gene exchange among populations within each tributary was more frequent
(Nm=0.563~13.519). The Berezek River displayed the greatest genetic diversity and genetic differentiation
out of all the tributaries, with the Kayertes River showing the least genetic diversity and the Burgin River
demonstrating the least genetic differentiation.

Betula pendula in the lower part of the Irtysh River Basin had significantly greater effective
alleles(Ne=1.534), non-alleles(Na=1.778)and Shannon diversity index(/=0.415)than those in the upper
region, with the three indices being 1.248, 1.375 and 0.203 respectively. Genetic diversity increased from
upstream to downstream, and the trend showed consistency with river direction. The same analysis was also
done for the upstream and downstream tributaries and the upstream and downstream of each tributary, and it
was found that the genetic diversity in the downstream was a bit higher, which also indicated that the river
had influenced the genetic diversity of Betula pendula.

(2) Betula pendula's genetic variation is mainly sourced from populations, with 62% of the total being

within them and 38% between them. There was a strong positive correlation between genetic distance and



geographic distance (p<0.001). Analysis using principal components and Structure demonstrated that 25
populations could be divided into two primary clusters based on their location: one group consisted of the
Kayertes, Crane, and Burgin Rivers in the upstream tributaries, while the other group consisted of the Haba
and Berezek Rivers in the downstream tributaries.

(3) A total of 12 haplotypes of Betula pendula were identified in the Irtysh River basin, and the main
haplotypes of pitcher birches in the lower tributaries of the basin were types 1 and 3, whereas in the upper
tributaries they were types 2 and 4, with the Berezek River being the site of the original haplotype. Haplotypes
were more abundant in the tributaries further downstream in the basin, and within the tributaries also the
haplotypes were generally more abundant in the downstream than in the upstream populations.

(4) The analysis of leaf phenotypic variation of Betula pendula revealed that leaf phenotypic variation
among populations was relatively rich, and the range of phenotypic coefficient of variation CV was 11.8%
to 28.4%; the phenotypic coefficient of variation among tributaries showed obvious regular changes, and the
coefficient of variation gradually increased from upstream tributaries to downstream tributaries, indicating
that the downstream tributaries were more diverse, which was consistent with the characteristics of the
change of genetic diversity among tributaries at the molecular level. The Betula pendula population upstream
had a higher specific leaf area than downstream, with the highest coefficient of variation being 32.9% and
the lowest 8.5%. The magnitude of plasticity also varied across traits, with leaf area being the most plastic
(PPI=0.53), number of lateral veins being the least plastic (PP1=0.23), and leaf phenotypic plasticity being
higher overall in the upstream group than in the downstream. Within tributaries, the specific leaf area of the
upstream group was greater than that of the downstream. Extreme phenotypic variability was higher in the
upstream tributaries (Kayertes, Crane and Burgin Rivers) than in the downstream tributaries (Haba and
Berezek Rivers). Cluster analysis of Betula pendula based on leaf phenotypes also classified all populations
into two main groups, one dominated by the groups of the Kayertes, Crane, and Burgin Rivers, and the other
by the Haba and Berezek Rivers. Cluster analysis showed some similarity in genetic classification under
chloroplast microsatellite molecular markers and classification of leaf phenotypic variation throughout the
watershed.

Conclusion: In this study, we identified the sources of diversity richness and genetic variation at the
molecular level fof Betula pendula in five tributaries of the Irtysh River basin, and the genetic diversity of
Betula pendula was also found to be higher in downstream populations. Leaf phenotypic variation and genetic
diversity characteristics are similar in terms of patterns of change in diversity among tributaries and the
results of cluster analysis. Therefore, this study suggests to implement priority conservation of germplasm
resources of downstream populations of Betula pendula with higher genetic diversity to promote the

sustainable use of its resources and ecological functions in the Irtysh River Basin.

Key words: Betula pendula; genetic diversity; genetic structure; phenotypic variation; rivers



BT oottt ettt ettt s ettt n ettt I
AN 015} = Yot A 111
BB 1 B 00 oottt 1
(R == OO 1
1.2 BRI TRIBIAT A PR oot 2
I N e e TR 3
1.4 FTEATHEPRASTEYE o.coovovceee et 4
1.5 AL ZREVERTTE TV IR oot 7
1.5.1 JRAG ZRETE BRI oot 7

1.5.2 BEZREMERIREMIERIZR oot 7

1.6 TRAL2E DNA 23 T FRIETTEE oot 10
1.7 FAIAE BT TEHIIR oooovoeeeeeee ettt 11
1.7.1 TR G LB AT oo 11

1.7.2 W R BV 5 58 ZREPERF TR o 12

(I A = T = o RN 14
1.9 BFTEPIZR oottt 14

LR O N -3 2 TR 15
A b S O 16
N A i = OO 16
211 FIFFEIK E ARHBIEAEAE oo 17

2.1.2 BAEZRETERIT T BERIETTI oo 17

213 MR I TR LR EE (oot 18
3R L i~ OO 19
2.2 1 DNA FRIT oottt ettt sttt en s 19

222 MR TS FARICIRIE oo 19

223 A REVEFAETIIE oooooeeeeeeeeeeeee ettt 20

2.3 BB G T T 7125 oottt 21
230 TRAE L RENE T oot 21

2.3.2 BAE A RN BAE TR A1 23T vt 21

233 H A IR B T oo 22
A b T 24



3.1 TERHEEAL ZRETERFIE I HT oo 24

3.1.1 MR A IR ZE B oot 24

3.1.2 BURFH 5 S5 SCMIRAMERIIBAL ZRENE s 25

3.1.3 BURFFrRIR b T WA AL ZFETE s 26

3.1.4 BURF AR BRI SR MR EAE Z AN s 26

3.1.5 &30 B IR R ME AL ZREVE s 27

3.2 LT IEAIEE ZRHITE I AN oot 28
321 BB AR 3T oot 28

3.2.2 MR BAAE TR BRI AT oo, 32

3.3 M R A AE AT TEZEIIHT oo 33
3.3.1 FEARTAIH R IR SR o 33

3.3.2 A PEIR T 20 HT oot 35

3.3.3 A PEIRIEI I ZE (oo 36

3.3.4 PR AT IBTEFE R oot 38

3.3.5 MR RIAESIEAE oo 40

3306 I I T oo 43

BB A B TE oot 44
4.1 RS SRl e A M H AT v 18 AL 2 R R 73 AARF R s 44
4.2 FEREMEBAE ZEFY TR oot 45
4.3 FRAE IR b PR 3 AT TR B R 55 AT I 38 A FE B DI TREREIT oo 46
4.4 W RRIZREVER, FOEEAIZE IR o 47
4.5 W F RN R, SCRAFEIRZESE s 48
S BEIR B e 49
B L T ettt ettt ettt ettt ettt ettt ettt teeas 49
3 A1 T TR 50
5.3 TAEFEEE oottt 50
BEZE TR vttt 52
B 308 ettt ettt ettt en ettt ettt 64
PPN 66
(S T 67

Vi



F1E it AAFRFMEFMILI

F1LE 42

1.1 fiRnE=

WURFTHORA Ca SCRIFRY IR & e I e — — 28 0 A AL UK ) R B PRI, s
PR /R Z8 1L PR, A S SR ORIIACE T, a2 ax oA A B 5 IR X T
WALREA S RER R A EEE L P EENK 633 A8, MR 5.7 5 FiTA
L £ L A e T N TN T N (TP N AN e N 1 .71 U I e 5 3 A e
BRI K KRR, ARG5S, 2B HE R KIRR IR XA AE SR X
U021, R RO /K 2 R . BRI & BT, Lt A 2R BB, L BT B 22 T 4%,
e B E L N AR O A P X, B B R GRS X, W THRTT A G kR R
e

AR A AR AR AR SR A 2 BN SR PR I ARV I R AR, FESRTIR PR e B At 7
A KA AR, 2IACRE IR AT, SR MR %I 51 R AR
MARM BT, E B HIRRIHERRL 2 DR LS TR IR AR BR AR . IX B
AT AR5 A AR AR A e G P — P R AR B, 5 [l AR SRR B i 5 B — 1K)
RAIMAELE DA, U R IRMRI R A i R AE AT, IR, BRI R
IREIE R FPIL R AT AR B, XA [ AR EEBCE BT, IR T [ A AR R IITE T
Hot. &, AdEILHFR, BT bR NIEE s kA TR waE 1190,
P X R AR C 2T ARIRA, IR 2] 7™ B0l R, SRR Rz
RIRMII ORI A B AR

ARMRE S 2 FEVE RO OR3P AT PSR M PR S 101, LR 1990 4F, MR AR LRI
K2 (MCPFE) St 2 iie 1A KA IR R 2L, 55, fE%E
AR GTF IR R EERARAIALAL, BRI IR R] 5 SR 2 AR R A EE Pk
fY, BRARIE AL 2 BEVE AN ISAL BEIRAE AR ORY TAR AR O 2. R, T A
ENFEM, A 0% R ARMIE IR, TR AR R G R KR TAERZ 22 R0E
UL, W8 BA w4 28 0 (B AN B (B A5 SR UE D0 SE PRI RE AR MROR A% OR3P O B P 2
UL, 5 53 R AR AR AL A A AT R Ao 1) 3 % 2 A P DR AR BT R BB MR B R 7
o BIBE, BT HURTF ARSI A MAELERF 23S, ZeBF RN RA IS 76 SR 5 T R A%
EHEEAFM, X AR BURAT b EHAT AR R AR I TS R A

HERME (Betula pendula) FEHH ST A MRALH B FRU,  JEFAE AT /R LR AN E2
TP TEAR)E P EEAEIE R 1 50% /247, S MERERIRR 10 XA Ay SR AE 300 i) A8 A

1



F1E it AAFRFMEFMILI

TR EAMEE, LRI MRYELIE, ERMMATZN . R WAL, ER
Fo g DL A E TR AC R B R Z L X e B A R PR B R D R IR
s AEREAREUE K R Ja AR AR B R A2 R KSR R . e MER B ER, e R I
TR AL, Fih 7 EBOH, ARl AR s A gL O] B R AR X AR S
R rE TN M7 22 B 1) E R Aol Xt HL A8t A 22 R PR A0 A A8 S EAT W 7 2 1) a8t A %
PR ) EE AR

R VRO 5 A St i e T AR K ) 25 8, LA PR VPG HL B R R R 2 —
U920, Fr R AAR S A AL AL 5 (R BARGA I, Ak, MR ARG EERI AR S, 1
HEA ZNERRE, Hom 2 HTREF R R R f R 547, R M
BT RAL 2 S T . AR RS AE 2 BEAT R 73 S35 T8 B B B A124, U HR A F
JRIEE . NP A5 TR

i PR R RIS 2R 2 [ 0 22 Bt R A A% 8 e o A7 1 R 2 200, AR R AN
ALY, JEAIREE R R P, T TR G L 2 R RAS IR R R
TR PR AT R B AT AT, AT LA 7K AR 2 R EEAT X LEBG A, R
WEFCIAERS TEAN P, A BT R T A S AN AL ) T AR L IR . AT AT
BT S AR DR ) T AR IS AN I 2 AR X T A MR R AT 38 A 2 REPE AT B AR AL ST AT
AR T M A% BEUR B A A ARRAE , I LU SR sk TR 23 Fhs it At R L U b
JTE T IR MR AL 2 FEVE RIS 25 M 1 75 BAT AR B, DU 2 AR (Rt 4% 22 FE1E
DRAPNIT A3 AR A 25 (0 AT Fr 88 R AR R AR

1.2 GURFHETRIAT A AR

WAL TR 2 AL, B AT U AR, TN A RRK E TR, ATUK) KR,
IKGEIRPERN e, 4 TR AR HEARMN A SR AMYE B KT Pod AR i T RAFIIK
oA, IR A Z YR, VAR 7RISR . R 72 5t
MG, AOTFGETE, TR AR R, BEARMIE AL 50 B} 380 KA, JEAFH
REULRLD, EBATHSEN, BRI R %S L, RIS AN B BRI S, A A A
MR HE, BB BRI AP, w257 8506 0 s 3 2 SO SR 45
MR Z FEVEEAT B B, ARIX A SETE 34 B o1 & 121 AivEdy, Horh sk sZim
AT AR IL S R 00,

BT IR A3 MK 53 Dy D~ ST A AR L T 25 6K, FL A A b oh 3= 2 A £ i
M, ZONE, 5, BRNERR, R, WRAMmaEsde, (LR it
HMONE, CHHsEAR AR AZ S, WA R R . X K2,
J T A . FEE DR AR, PR X T NSRS SRR A A R, T K

2



F1E it AAFRFMEFMILI

T EE LR BRI SIA, AR P A DL K IE i R B 2 A
K, TR T AU SRR TR AR AR BE IR, G0 T R R, A AR IR
TRFFE o SR A LA EATTAG, BRI R AR S O e 1 e 2 1 iR LSS
PR RPN, 27 2018 48, WIELFEAURURAE SR B E TR 7 =tk
MBI E RS RIEE TREGIE o B, 2000 s ] A AR R B35 1 DR 4P 5 A A
BEETAE, AR MR GV A RS s, BB E SGREP, A D)
TS A MR A S T RE IO RF S Re € R HE

1.3 #AREMT LSS

MERJEAEY) (Betula spp) | 1z 73 Af Tl s MR 1, 23X BV EZEM Rl . 2R 7
Kb, MEREY)HE THAEL (Betulacea) MEARJE (Betula L) . &FKEHN, ZEEH
20—\ Z M AFE KM R, £ MR A Sect.Betula ) P4 #E 2

(Sect.Betulaster(Spach)Regel) , Wang SEB3 ) CAMEA HKZ) 65 PPl HAD A K. H5

giit, RE A MERE 31 M6 A, JLPFmAAeE, (HEEEKAER . BRI
e iR . ChEEE) HRE FHARLI S N : MRA (Sect. Betula)
PaHEZH (Sect. Betulaster (Spach) Regel) , o, MR BHE T4 : AR 4 (Subsect.
Betula)  BHMENVZH (Subsect. Dahuricae Regel) itV 2H (Subsect. Costatae Regel) -
SEMETVZH (Subsect. Fruticosae Regel) F1'RHMENVZH (Subsect. Chinenses Schneid) B4, 4y
A X 32 EAL T A6 2 BRI A N FE iR 7 M X

T EHEA S AE Y BB IR 0 — FETE R X B2, % b X I MEAR S A K A T R AR
S JE, EATE TG A T T L DR 5 e e S A B RS R T R T SRR A B
ZIME (Betula albosinensis) « ‘&1 (Betula calcicola) « v1ILIME (Betula gynoterminalis)
&y BoE, XESHMSE AR ARY R R TR RI i, EEALCAHE T HER
R AR A YOI S BT R 28 Ll (R s B, AT A T — RAHT AR, XA MEARAE H [ 75
JEH X B oAt P2 AR T, T 8 U R ] P A X M A e A B R 4 B

HEEMESE 21 & (WRE) , KHEMERE (Betula L) 7349 1 4 (Sect.) 4 1L
“H (Subsect.) 8 # 5 Af., (HramEYE) ILFKFEMERE D AA 6 P, FEHAME (Betula
pendulaRoth.) . [FM#E (Betula rotundifolia Spach) « JHPFME (Betula humilis Schrenk) <
EhAEME (Betula halophila Ching ex P.C.Li) /N (Betula microphylla Bge.) ~ KL

(Betula tianschanica Rupr.) B3, # (HrsgtfARE) , BEL oA 5 KK (Betula

rezniczenkoana (Litv.) Schischk.) 1 Z2%#t (Betula tumantica C.Y.Yang et Wang)

MR BRI 73 RAFAETE 2 G0, RN T AR 70 KTV MER JE A 1) 73 2R 45
RATREA AN o g A 0 K550 B K e AR e F R 78, A S

3



F1E it AAFRFMEFMILI

/NHHME (Betula microphylla Bunge var. Ebinurica) s&/NH#E (Betula microphylla) T
ERh, RN AR R R T AR L R LU B0, Ding £ BTHA NSRRI/
IH-# ( Betula microphylla Bunge var. Ebinurica) {EAEY) 2405725 EAN @ T/INHHHE R FF,
MRLATRILME (Betula tianchanica) - ¥MgAESEBGT 1T 58 0 A BIMEA B HEAT 1T 43 280
i, HERE CHEmE) 108 AL, JFRAMOR B ) 77 I R EAKYE 2 M A
PR R T BEIR.

1.4 ERHEMRAREIR

FEFGHE (Betula pendula Roth.) , {BFRERME. Perlote. KoM AMEa R B #E, 5™
FWRM, RMEARBEA R I — FHMERERIRR . AR I R TR AR R, AR 1)
PR, A TR 2 SR B, M R R A, MR, B
FEBENRAREE ARME R, (hEREYE) 5 21 Bid s EA MR E A
T HrsEAL I /R 221 X, KAEHEHR 500-2000 KM L2 LUy 09 v Hb s B 1 FH 1)
A, A N RIS, & —Fhii FE M Se R P . FERGMECE AN VZ 20 A0 T B AN
PEVEAAANE, C#aI NI, PRV A A A, BT R R AEKRE S, B2
A 55 [ (10— S P I B KPR 43 i X e DA A NAZ PRI, 30 s SRR R T < B U
[y X A AT BAAE K

FEFGME A m O AL, TR ZERTE N E R, W2, WEBIREZ N
FIHETE: RSk Lmte, &% T8, A maME, IR 3R = M0 E
, MHEAE, B4R, EEETERULEGETY, Sumidids, WPNTGT, 156 R A Bk
ZPREHEVT, DYy, MK 6~8 XF, K& 3~8 MK, T4 2~6 JEK; MEMELE Rk
, WEKFREKEMREME, & 2~5 XK, FEK 1-5 BX, fE#4-5 A, ST
FERE RAEIEA Y, SR M LR, A4S EaR RS R
FERAER, K29 1~3cm, B 8~10, KM 7-9 A, BEHRMEMRETE F—F sk,
BB A RRRE R RIe/NRE, TEEKEINE, R, K2 2mm, % 1mm
oA, FEEREE, AT XEGE, MK TR, N2 B Rk, B
, RPN, TRFFEZ 0.6g, MTRFIIAREF 2~3 4, FhF4550H K/
TR

MR — PG R TR AR, SRR . P rEaRBY, I, IR,
MRARIER, W IR ERATEHE, {EHE4R 500-2000 (R 7 #RaT LLAE K, SEtE 3, &
RE A REE T Pl . BAMIE YRR, 75T 5 BB AR A T DARGE B )
FHE )7 T LR P B T DU R AR 2P R A, AR AR, BB AR R AR K
B85 123 H b v DA 7 AR B AR K, SR AR BT I S e

4



F1E it AAFRFMEFMILI

AR 2, BAREOAMANME. MR, WmANEME, @ smiEa
bel . BERE . SRTTIEES AR TR A AR KR Sl B R A AR S AR O EL,
WHARMHMER S AR, ERARM A 2R, MR, DM AR, SEE, 45
A, QIFHIEAOCEE, ST IR RSO U i USR] A

TR MR RN H AT T Gile s, CHGEARA — WA MIME. (KREIL
B PICEEEEME W BRI R IR AR 2 TR, W RS BRI,
MR AT, BAPR. PURBEAESOIE S 2 F A PELO b e th e — P B 2
ol A= JEURE, W R R S AR IR T i, MR Bz 3o 202 3 e T i A RO
P s i L R oy A SRS T 2 RO A L, R SR
AR, 58] 7 et R Z A, RO R EET, WO, BAEE
T OR TR, P RIF R E B sy, AT LU TR AT AR
FUARTE T MR RS I LA R PR ARG BOby A5

HERHEMR IR B R AT, A2 PP FE A S AR R, RO IR i 3t [X 22 1 e e i
W51, SEACMERI RIS G R IR T B G AR Fr bk, Ak, A 5. TR SE
PR B SHR, wT A R AR i g s i AR, AR K L ORF . AKIRIRIR A EY 2
FEPEORSP ARG AR o IR, TRAOMERS 5 Y T 52 148 & 78 Tl X AN AR i
SR, IR B T et AR SRR AR R, SR — ARG AR AE RS
BT, AR AR AR AL ST g T B EEAE L,

AR BRI RIS AR 30% % — i, (ELRE AN ORI 046 K 2 2 AR e
Vi it 7RIS SR, ARSI LS PG &5 I E M 2 A M AR 42 52 Bk NSRRI
BEARA R I U, MR, MR BN B I8A% 2 FEPEAE AR A3 BV A R
KAIFFE BTN, BARAEAWAAL NI b 5 vk B RE /7 I B IR . ARARIE AL TR
FEARRIFAT AT BACHI BEUR,  [A b A ZH0RE AR R0 A BEUR BT 70 5 8 BN BIR R AR
AR R TR A S A A SR

AR AT Rk e SR 2 2] 1 A i, MR B R . — M
Tl R CR AP RIS BTG 2L 17 A DR L AR RN PAY 758 R P e 2 1] PR A% 22 e A S 1040,
AGERRMAES RGP I SCBEYIR o AR A% 2 RE IR ARG B A AR i SR A Bk DL K 4
FERRM A AP A AR R AL TS R g0 b R FE A AR F VSO, kot A 2 AR TR fR 4
FESEARME A E B AL, (2022 A ARMARDL) 5 BT — M@ BRI HhER, ik
A MEREIAE, NSRS 4 1R P ARMARA, T ORI A A, AEARME
T A NEIRSS, RAFLLZAEBIRSG B 45 RAR H s s AR R, 3
] L 5 17 T AR o PR30 A 5B 5, 3 A U AR 3 4 g T Y

ok H AT, FE AR AL 2 BT I 2 S TR R ARSI PR AR
AEHBIX AIHEAR . Wu S5 AXTK H IR AS R A SR EEHE (Betula ermanii) 38845 22 41 AT

5



F1E it AAFRFMEFMILI

TR O TR I, FREETE S MER A b 4% T R EIBA, 25T RAPD 40 FAx
OB SR PO S MEIs A5 2RV, B AR R R BERUE T AR 3L, e B MR B g%
2R S HOBL BR B I I W B OCHR, [T -5 P AN BT AL 1 [X PR~ 3800 22 e A o B
KRB, HUErT L, PIFhisife 2R RBHE AN S B 0. M rREsa e, &
S IAEE A K. S T RAPD A G ok 1L [ R H AR R
X FR)' B MERIE AT, R BIEA% A e 2 BRI T MR N, T B8 A% 2 Rt SIS R T AR A
PR B AHOC o BRI B RN 2 22 o e e J M Cbirch) FhEEIEAE 2 FE I B 7T 0 B T4
R B9 38 BT EVMERR IR IR A% 25 R BT T a3 IS [ A 358 A R 55 DR 1 A DR 3t T RS
Wi P g A5 AL I B L R R

MERR ) R G0 K B AL 40 R AU B 51 H T 22 12 50 . ISSR Anic (45 A48
AN T BER /N ME R FOBT M AE DNA JZ I EBEE 2 AR S RHEAE 4 I, X AKX
I3 /N HESS TSR AL T BR SE F5 08, TR T T ARG B XHEW AT T 0 288 58, &
BT T AFEIMER R ] )RR R AR FR, $FEH M (Betula corylifolia) 7T fg 2 [E AR R
VR SR EAPRES SRMER/IN A T [R]— b, 1o ELERAE RN 35 ok B A A ) 8t A%
E\Zﬁj\[Sg]o

T[] 5] Ao R ME A DG 7 32 AR TP E R DR 5 HORIE EARES . AR M2
FEPE R ) 53 255 5 1 o602 i i AS S O35t e A M4 B I L SR i AT W 7, R BT
BIREL R B 5 YRR B R A EEOC R BURNRISEE B MR SRR 2 R ) 5
ma R 2R R A TRREE R BEARGEME . BEA R ER, SRR, TR LTS AT
FR33E 25 R0 AR () D03, ] 0 22 L PRI 8 b [X ) T Aol ME e B A2 3] 1 3% 95 A S PR DA I
EHRE RN FI, FECT BRI A7 RS, (0 B aTE %A 6T 8UR 55 1
T I R M 15 A% 22 FE I X B T ARG

AL MERIAE R SR K, I8 8 WM LA TR AR RIS, AEoHs T DA XUt B B9 4% 76 . Mali
ouchenko Z64%t WM PG FiMEA . FEAGHE (Betula pendula) FIEAHE (Betula pubescens)
, did AFLP F1 SSR ARIC /AT, UESE [ Y0 (Al fE AL 2 A s fis B IL SiX — s, I Hof
MEATS BV G RA ARSI, AAAETKIEAET . 5158, 2 Rsia ot 78 &< 30
AL A BRI, X — S5 R N T A N R T I AR R R, T
3E LGM J31a) TT LAYE i 26 FE X 7235 . Yousefzadeh %581 sk (5 (7 B AL 7Y 4B 144k
A B b R MERL T BE 2 AR R AT A, S5 R ORI MEEL 2R S, BRI
A TR PR P, IO R ] S 5 154 0 S S R A 5 ) 2 RV BT ik
WP

KHALIKR 1 2 2238081 oy Fhmic s TEAS S5 1ERHERS i b [B) AR 9 2228 il 1 R = A
Fe, UESE T MEARJEAEY W EAEAET 12 A FEE RIS RO, MERTE AR R A H RE
Ak, IFHRREAE R YD, XA H PR 28 S A5 5, DRI A 22 5 3 3l 5

6



